Background {#Sec1}
==========

Malaria is the leading cause of morbidity among adults, and mortality among children under five in Benin. It accounted for 40% of outpatient consultations and 25% of hospital admissions in 2016 \[[@CR1]\]. In the context of the extended resistance to chloroquine and sulfadoxine--pyrimethamine (SP), the malaria management policy in Benin has been modified in 2004 by introducing into the national malaria coordination programme the use of artemisinin-based combination therapy (ACT) to treat non-complicated malaria \[[@CR2]\]. This change was made 2 years before the official recommendation of the World Health Organization (WHO) to most sub-Saharan African countries \[[@CR3]\]. In 2011, in Benin recommended malaria diagnosis \[rapid diagnostic test (RDT) or microscopy\] for all patients, as mandated by the diagnostic guidelines, and treatment being given only to patients with a positive test result \[[@CR4]\].

Early diagnosis and prompt treatment hugely reduces progression of the illness to severe state and prevents death \[[@CR5]\]. However, in Benin like in other sub-Saharan Africa countries, caregivers first manage malaria in children at home, and when the symptoms persist a health-care professional is consulted \[[@CR6]--[@CR9]\].

In Benin, malaria RDT is performed only after consulting health-care professional. Thus, home treatment of malaria in children is based on perceived symptoms by caregivers. It is well recognized that home treatment of malaria presents risk of false diagnosis and increased delay in presentation at health-care centres \[[@CR6]\]. Home treatment was operationally defined as the administration of treatment (pharmaceutical drugs or traditional remedies) at home by the caregiver on his own initiative or on the advice of a relative, as opposed to treatment recommended by health-care professional on the present episode of disease \[[@CR10]\]. Home treatment risks are increased in environments where people have access to a wide range of pharmaceutical drugs, even for drugs normally requiring prescription by a healthcare professional. Drugs can be bought in private or public formal sectors (pharmacies, health centres, private warehouses), but also in informal market of pharmaceutical drugs (IMPD). The selling of informal pharmaceutical drugs is a widespread practice since at least the 1980′s in several African countries, particularly in the French-speaking ones \[[@CR11]--[@CR13]\].

Informal refers to activities involving the sale and purchase of drugs outside the legislative and administrative framework imposed by a country's government and biomedical health system. Pharmaceutical drugs are sold by informal private vendors, who operate as shop keepers, traders, itinerant drug sellers, and drug wholesalers \[[@CR14]--[@CR16]\]. This informal practice is taking place in a context marked in part by the lack of rigidity in executive, administrative or other measures, including penalties against sellers and distributors \[[@CR17], [@CR18]\]. In Benin, the procedures against IMPD have been mentioned in the national pharmaceutical policy \[[@CR19]\]. On a related subject, a national counterfeit medicines committee was created in 2012 and actions, including awareness campaigns and repression through the seizure and destruction of drugs on the informal market were conducted. Since February 2017, an unprecedented repression was organized by the president of the Republic of Benin.

The last quantitative survey on the use of IMPD was conducted in Cotonou, the biggest town of Benin, in 2003, 15 years ago. The survey aimed to determine the percent of the population which at least once have purchased pharmaceutical drugs in IMPD. The percent reported was 72%, all diseases taken into account \[[@CR20]\].

Cotonou is the city in which IMPD is mostly present due to the biggest West African international market named "Dantokpa", where drugs are sold wholesale and retail \[[@CR16]\]. In the order to describe malaria management in households in this environment, a household cross-sectional study was conducted. The study aimed to (i) describe the management of the most recent episode of malaria among children under twelve, (ii) document the pharmaceutical drugs used by caregivers to treat children, (iii) describe factors associated with malaria home treatment, and (iv) describe factors associated with the use of IMPD when home treatment was practiced.

Methods {#Sec2}
=======

Study area {#Sec3}
----------

This study was carried out before the 09th edition of Operation PANGEA IX in 2017, coordinated by Interpol with a view to curbing the informal circuit of pharmaceutical drugs in Benin. The study was conducted in Cotonou, the economic capital and biggest city of Benin. The country is divided in twelve departments and Cotonou forms the department of Littoral on its own. The general population of Cotonou was estimated at 679,012 in 2013, with 211,192 children under 12 years old \[[@CR21]\]. Cotonou is a coastal city, limited to the west by the Atlantic department and to the east by Ouémé department. The Atlantic ocean is its southern boundary and the Nokoué lake is its northern boundary. This geographic situation makes malaria endemic in the Cotonou area. The primary malaria vector is *Anopheles gambiae* sensu stricto \[[@CR4]\]. Severe malaria was the leading cause of death (24%) among children under 5 in hospitals in 2016 \[[@CR22]\].

In Benin, the use of ACT to treat mild malaria was recommended by the health ministry of Benin since 2004 \[[@CR2]\]. The National Malaria Control Programme of Benin recommended in 2011 new guidelines for effective malaria prevention and treatment \[[@CR4]\]. Thus, patients of all ages should receive a confirmed malaria diagnosis \[with either a rapid diagnostic test (RDT) or microscopy\] before receiving treatment. Treatment is free of charge for pregnant women and children under 5 attending public health facilities, and the ACT subsidy system has been implemented in the public sector for other categories of patients. The subsidized ACT, artemether and lumefantrine, can be made available through different trade names, including Coartem^®^ or Lumartem^®^. Prevention strategies involve the use of insecticide-treated mosquito nets (ITNs), indoor residual spraying (IRS), and intermittent preventive treatment of pregnant women (IPTp).

Study population {#Sec4}
----------------

Caregivers were identified in households and asked about the treatment-seeking behaviour for the most recent malaria episode in a child under 12 years under their care. As self-medication is virtually non-existent in this age group, caregivers have full picture of pharmaceutical drugs consumed by children. This hypothesis was consolidated by a previous study. Geissler et al. \[[@CR23]\] studied self-medication practice among schoolchildren aged 11--17 years in western Kenya, and reported that self-medication decreases with a younger age. Twenty percent of the 15--17 years old were practicing self-medication without parental or adult involvement. The prevalence was 14% among the 13--14 years old, and 9% among the 11--13 years old.

Study design and sample size {#Sec5}
----------------------------

A cross-sectional study was conducted in Cotonou, during April--May 2016. The numbers of caregivers to interview was calculated by the Schwartz' formula \[[@CR24]\]:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\hat{p}$$\end{document}$ the proportion of children under 12 which have already contracted malaria. This latter proportion was unknown, and was fixed to 50% in order to maximize the sample size \[[@CR26]\]. A total of 384 caregivers of children under 12 should be included in the study.

Because of the absence of relevant data to perform a simple random sampling, a GPS sampling method was used to access caregivers. The sampling method consisted of random selection of a calculated number of GPS points into the study area. Buildings identified by GPS points were visited for the survey. Every GPS point may not necessarily identify a household because of empty spaces (park, field, swamps, or puddles) and uninhabited buildings (commercial, company or administrative buildings, buildings under construction or abandoned). Simulations performed determined that two-thirds of GPS points will identify a building. Considering that 1 out of 2 households would include at least one child less than 12 years of age, twice as many households should be visited. The number of GPS points to randomize to reach 384 caregivers of children under 12 years old was calculated with the formula:$$\documentclass[12pt]{minimal}
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                \begin{document}$$n_{GPS} = n \times 1/p_{child} \times 1/p_{building} \times 1/p_{{non-response}} ,$$\end{document}$$where *n* was the calculated number of children to include in the study, *p*~*child*~ the proportion (1/2) of households with at least one child under 12, *p*~*building*~ the proportion (2/3) of GPS points which identifies a building, and *p*~*non*-*response*~ the assumed proportion (1/10) of non-response \[[@CR26]\] *n*~*GPS*~ was 1300.

A total of 421 households contained at least a child under 12 and caregivers were interviewed about the most recent episode of malaria in a child under their care. A total of 340 (81%) caregivers were able to provide information on the health-care seeking behaviour and were included in the study. Forty-nine (12%) declared that the child has never contracted malaria, 23 (5%) declared that they practised prevention, so that children had not contracted malaria in the recent past, and 9 (2%) caregivers declared they did not remember.

Collected data {#Sec6}
--------------

Questionnaire for data collection was translated into the local dialect "fon", the most common spoken in Cotonou by non-French speakers. In the households, caregivers were interviewed. A questionnaire was administered by investigators who graduated in sociology with substantial knowledge of the field surveys.

Questions were about the health-seeking behaviour during the most recent malaria episode among their children under 12 in the household. The episode date was collected and caregivers were asked to cite any symptoms which leaded them to recognize that the child had malaria. Afterward, the first action done by caregivers after they recognized symptoms were collected. Action could then be either home treatment or consultation with a healthcare professional. Information were collected on the type of treatments used at home or prescribed (pharmaceutical drugs or traditional remedies), treatment name and galenic form of pharmaceutical drugs. When home treatment was practised, the purchase place of pharmaceutical drugs was collected. Purchase places were categorized into IMPD and formal market.

A first binary outcome variable was home treatment of malaria, defined in this paper as treatment (pharmaceutical drugs or traditional remedies) administration at home by the caregiver on his own initiative or on the advice of a relative, as opposed to treatment recommended by health-care professional. For this purpose, used leftover medicines having been advised by pharmaceutical drugs vendors (pharmacist or informal vendor) were considered as home treatment.

A second binary outcome variable was drug purchase in IMPD or in formal market when home treatment was practised. Independent variables were, age, education level, marital status, religion, health insurance, family size, and presence of relatives living in the same inner court. A set of 17 variables on the household possession and housing characteristics (nature of habitat, access to resources and property owned by the household) were collected and facilitated the construction of a wealth index by using principal component analyses, like in the demographic and health survey (DHS) \[[@CR27]\]. The wealth index was categorized into quintiles in ascending order of poorest, fourth, middle, second, and richest. However, the variables used in this study were not exactly similar to those of the demographic and health survey, and, therefore, the wealth quintile used in this study cannot strictly be compared to DHS data.

Data analysis {#Sec7}
-------------

Data were analysed using STATA version 13 statistical software (Stata Corp., TX USA). Descriptive analyses were performed to characterize socio-demographic aspects of caregivers, and management of the disease. Median and length were calculated for continuous variables and percentages for categorical variables. To assess the significance of differences between proportions the Chi square test or Fisher's exact test, were used as appropriate.

Forgetting the name of drugs used over time can be a consequence of a memory time-related bias. To identify any possible memory time-related bias, the date of the most recent episode was quantified and grouped by months, and Chi square tests were conducted based on information related to the forgetfulness of the used treatments names, and secondly with therapeutic classes of cited drugs.

Bivariate logistic regression analyses were performed on the one hand with home treatment as the outcome, and in the other hand with drug purchase in IMPD as the outcome. For each outcome, all significant variables in the bivariate analyses at p \< 0.20 were included in a multivariate logistic regression model. Odds ratios (OR) were reported with 95% confidence intervals (CI). Statistical significance was set at p \< 0.05.

Ethical considerations {#Sec8}
----------------------

The study has been approved by the Ministry of Higher Education and Scientific Research of Benin; Ethics Committee CER-ISBA --FAVORABLE ADVICE N° 30. Each interviewed person was informed about the objectives of the study, the types of collected data and were asked to sign a document of informed consent.

Results {#Sec9}
=======

Among the 340 caregivers, 27% reported that children had malaria during the month preceding the interview, 36% had malaria in the last 1--3 months, 15% within the last 4--6 months, and 22% declared that the most recent episode dates back more than 6 months. The median time was 2 months. There was no evidence for memory time-related bias; neither for forgetfulness of the used treatment names, nor for the medicines therapeutic class (see Additional file [1](#MOESM1){ref-type="media"}). Based on these results, all data were included in subsequent analyses.

Socio-demographic characteristics of caregivers {#Sec10}
-----------------------------------------------

Table [1](#Tab1){ref-type="table"} presents the socio-demographic characteristics of caregivers and data on the management of the disease. Of the 340 interviewed caregivers, 75% were female and 80% were in a marital or non-marital relationship. Median age was 38 (range 18--83 years), 23% reported having received no formal education, 53% had primary education, 38% had attended secondary education and 9% had tertiary level education. Most caregivers were Christian (72%). Regarding family size, 28% of caregivers lived in households composed of at least three persons (four persons was the average size of households in Cotonou, according to the last census \[[@CR21]\]), and 57% lived in households composed of 4--8 persons and 15% up to 8 persons. Thirty-one percent of the families lived in an inner court together with relatives. Thirty-eight percent of caregivers belonged to the upper third quintile, which characterizes the most economically wealthy people. Only 9% of caregivers reported that they subscribed to a health insurance. Seventy-nine percent of caregivers who brought their children to a healthcare professional reported that RDT or microscopy was done to confirm malaria.Table 1Socio-demographic characteristics of caregivers of under twelve children in Cotonou, Benin, May 2016 (N = 340)CategoriesSubcategoriesFrequencies (n)Percentages (%)Age group (years)\< 30631830--391283840--496820≥ 508124GenderFemale25575Male8525Marital statusIn relationship27380Single6720EducationNone7923Primary10053Secondary13038Tertiary319ReligionChristian24672Islam4714Other4714Family size\< 438284--825257≥ 95015Relative in the inner courtNo23369Yes10731Health insuranceNo31081Yes309Wealth quintilesQuintile 1 (richest)5717Quintile 2 (fourth)7021Quintile 3 (middle)6820Quintile 4 (second)7522Quintile 5 (poorest)7021

Treatment-seeking behaviour and illness history {#Sec11}
-----------------------------------------------

Table [2](#Tab2){ref-type="table"} presents the malaria health-seeking behaviours of caregivers and the symptoms in the child they recognized as malaria symptoms. To treat malaria, 116 (34%) caregivers indicated they brought the child to a healthcare professional, whereas 224 (66%) home-treated children. In the case of home-treatment, 203 (90%) reported they gave only pharmaceutical drugs to their child, while 17 (8%) reported they gave only herbal remedies. Only 4 (2%) caregivers declared giving both at the same time. As these later caregivers gave pharmaceutical drugs to the child, they were analysed together with those who used pharmaceutical drugs.Table 2Health-seeking behaviours of caregivers to treat malaria in children under twelve and malaria symptoms recognized in Cotonou, Benin, May 2016 (N = 340)CategoriesSubcategoriesFrequencies (n)Percentages (%)Treatment-seekingHealthcare professional11634Home treatment with pharmaceutical drugs20761Home treatment with traditional remedies175Fever, headache, dizzinessNo308Yes31091Body aches, chills, weakNo24873Yes9227Bitter taste in the mouth, no appetiteNo26879Yes7221Vomiting, diarrhoeaNo26578Yes7522Dark urine, yellow eyesNo31292Yes288CoughNo31091Yes309Other: prickly, sores in the mouth, anaemiaNo32896Yes124Number of symptoms (md\[length\] = 2 \[1,6\])114142213439≥ 36519Use of IMPD for home treatment with pharmaceutical drugs^a^ (n = 207)No12359Yes8441^a^Based on the number (n = 207) of caregivers who practised home treatment with pharmaceutical drugs

When asked about the symptoms that made them think that the child has malaria, at least five percent of caregivers reported fever (89%), loss of appetite (20%), vomiting (19%), weakness (17%), chills (10%), headache (9%), coughing (10%), and dark urine (6%). Forty-two percent of the caregivers cited only one symptom (30% fever), indicating they relied on a single symptom to conclude the child had malaria, 39% relied on two symptoms, and 19% on more than two symptoms. For the remainder of the analyses, cited symptoms were grouped into seven categories. The first category was "fever, headache, dizziness", the second includes "body aches, chills, weak", the third "bitter taste in the mouth, no appetite", the fourth "vomiting, diarrhoea", the fifth "dark urine, yellow eyes", the sixth "cough", and the last category regroups other symptoms which are rarely mentioned ("prickly, sores in the mouth, anaemia").

Factor associated with the malaria home treatment {#Sec12}
-------------------------------------------------

Table [3](#Tab3){ref-type="table"} presents factors associated with malaria home treatment in bivariate and multivariate analyses. In bivariate analyses, caregivers who practised home treatment were significantly different from those who did not, in terms of age, education, family size, possession of health insurance, wealth quintiles and the fact that the identified symptoms were either "fever, headache, dizziness" and/or "vomiting, diarrhoea".Table 3Factors associated with the practice of home treatment, in Cotonou, Benin, May 2016 (N = 340)CovariatesHome treatmentTotalBivariateMultivariateCategoriesSubcategoriesn (%)nOR95% ICp-valueOR95% ICp-valueAge\< 3040 (18)631130--3987 (39)1281.2200.647--2.2980.5381.3820.678--2.8150.37240--4945 (20)681.1250.548--2.3060.7481.0570.479--2.3280.890≥ 5052 (23)811.0310.519--2.0450.9300.9590.447--2.0540.915GenderFemale168 (75)2551Male56 (25)8510.595--1.6781.000Marital statusSingle41 (18)671In relationship183 (82)2731.3540.782--2.3410.278EducationNone58 (26)7911Primary68 (30)1000.7690.400--1.4770.4310.6990.236--2.0690.518Secondary79 (35)1300.5600.304--1.0330.0640.6270.230--1.7090.362Tertiary19 (9)310.5730.238--1.3790.2140.5350.206--1.3850.198ReligionChristian164 (73)2461Islam27 (12)470.6750.357--1.2750.226Other33 (15)471.1780.597--2.3240.635Family size\< 425 (11)380.5420.210--1.3980.2050.3960.139--1.1250.0824--8160 (72)2520.4900.239--1.0040.0510.3990.180--0.885*0.024*9--2239 (17)501Relative in the inner courtNo154 (69)2331Yes70 (31)1070.9700.599--1.5710.903Health insuranceNo211 (94)31011Yes13 (6)300.3581.677--0.7670.0080.3960.169--0.9284*0.033*Wealth quintilesQuintile 5 (poorest)57 (25)7011Quintile 4 (second)50 (22)750.4560.211--0.9850.0460.4700.207--1.0650.071Quintile 3 (middle)46 (21)680.4760.211--0.9850.0660.4280.184--0.994*0.049*Quintile 2 (fourth)44 (20)700.3850.178--0.8360.0160.4720.198--1.1210.089Quintile 1 (richest)27 (12)570.2050.092--0.4540.0000.1990.076--0.522*0.001*Fever, headache, dizzinessNo23 (10)3011Yes201 (90)3100.5610.233--1.3490.1970.4770.176--1.2860.144Body aches, chills, weakNo163 (73)2481Yes61 (27)921.0260.618--1.7010.920Bitter taste in the mouth, no appetiteNo182 (81)2681Yes42 (19)720.7250.421--1.2460.245Vomiting, diarrhoeaNo187 (83)26511Yes37 (17)750.4060.240--0.6850.0010.3740.196--0.712*0.003*Dark urine, yellow eyesNo205 (92)3121Yes19 (8)281.1010.482--2.5190.818CoughNo207 (92)3101Yes17 (8)300.6500.304--1.3910.268Other (prickly, sores in the mouth, anaemia)No217 (89)3281Yes7 (3)120.7160.222--2.3070.576Number of symptoms0.6910.534--0.8940.0050.8640.629--1.1860.368Statistically significant p values are in italic

In multivariate analysis, caregivers who lived in a family composed of more than eight persons were more likely to home treat malaria in children, but the difference was only statistically significant when compared to family size in the 4--8 group (OR = 0.399, 95% CI 0.180--0.885). When caregivers had health insurance, they were less likely to home treat children (OR = 0.396, 95% CI 0.169--0.928) compared to those who did not have it. Caregivers belonging to the richest wealth quintiles were less likely to treat children at home (OR = 0.199, 95% CI 0.0676--0.522) compared to those in the poorest quintile. Home treatment were less practised by those who reported "vomiting, diarrhoea" (OR = 0.374, 95% CI 0.196--0.712) than those who reported other symptoms.

Factors associated with the medicines purchased in IMPD {#Sec13}
-------------------------------------------------------

Table [4](#Tab4){ref-type="table"} presents factors associated with the use of IMPD in bivariate and multivariate analyses. It is important to underline that any caregiver who declared to have health insurance did not buy drugs in IMPD in this study.Table 4Factors associated with drug purchase in IMPD for home treatment (N = 207) in Cotonou, Benin, May 2016CovariatesIMPDTotalBivariateMultivariateCategoriesSubcategoriesn (%)nOR95% ICp-valueOR95% ICp-valueAge\< 3021 (25)361130--3927 (33)800.3630.162--0.8160.0140.3830.152--0.964*0.042*40--4918 (21)440.4940.202--1.2090.1230.5170.190--1.14030.195≥ 5018 (21)470.4430.182--1.0750.0720.4700.170--1.2980.145GenderFemale60 (71)1541Male24 (29)531.2960.690--2.4350.419Marital statusSingle15 (18)371In relationship69 (82)1701.0010.485--2.0670.996EducationNone29 (35)5211Primary26 (31)610.5890.279--1.2460.1650.7260.305--1.7290.470Secondary25 (30)750.3960.191--0.8210.0130.5630.242--1.3120.184Tertiary4 (5)190.2110.061--0.7240.0130.4190.094--1.8570.253ReligionChristian59 (70)1531Islam11 (13)261.1680.502--2.7150.718Other14 (17)281.5930.709--3.5780.259Family size\< 46 (26)2114--864 (76)1501.8600.684--5.0590.224\> 814 (17)361.5900.498--5.0740.433Relative in the inner courtNo56 (67)1431Yes28 (33)641.2080.665--2.195Wealth quintilesQuintile 5 (poorest)30 (36)4811Quintile 4 (second)23 (27)450.1420.274--1.4330.2690.8600.350--2.1080.742Quintile 3 (middle)15 (18)440.2000.132--0.7290.0070.5000.198--1.2610.142Quintile 2 (fourth)11 (13)440.3100.814--0.4910.0000.2710.100--0.735*0.010*Quintile 1 (richest)5 (6)260.6270.045--0.4450.0010.2390.064--0.887*0.032*Fever, headache, dizzinessNo2 (2)1811Yes82 (98)1896.1301.370--27.4170.0189.3841.807--48.730*0.008*Body aches, chills, weakNo62 (74)1511Yes22 (26)560.9280.496--1.7380.817Bitter taste in the mouth, no appetiteNo65 (77)1681Yes19 (23)391.5050.747--3.0320.252Vomiting, diarrhoeaNo67 (80)17611Yes17 (20)311.9750.914--4.2662.6060.928--7.3150.069Dark urine, yellow eyesNo79 (94)1911Yes5 (6)160.6440.215--1.9270.432CoughNo78 (93)1911Yes6 (7)160.8690.303--2.490Other: prickly, sores in the mouth, anaemiaNo82 (98)2021Yes2 (2)50.9750.159--5.9670.979Number of symptoms1.4190.968--2.0780.0721.5770.725--1.8460.539Statistically significant p values are in italic*IMPD* Informal market of pharmaceutical drugs

In bivariate analysis, caregivers who purchased medicines in IMPD significantly differed from those who went to formal market in terms of age, education, wealth quintiles, and when reporting "fever, headache, dizziness", "vomiting, diarrhoea".

In multivariate analyses, caregivers belonging to age groups 30--39 (OR = 0.383, 95% CI 0.152--0.964) and economically wealthy people (wealth quintile richest: OR = 0.239, 95% CI 0.064--0.887; wealth quintile fourth OR = 0.271, 95% CI 0.100--0.735) were less likely to purchase drug in IMPD compared to those in the poorest quintile. When reporting "fever, headache, dizziness", caregivers were more likely to go to IMPD.

Types of drugs cited {#Sec14}
--------------------

Sixty-seven (20%) caregivers reported they forgot the name of the drugs used, 45 (38%) of whom consulted a healthcare professional, and 22 (11%) administered home treatment. Table [5](#Tab5){ref-type="table"} presents medicines reported by the 256 caregivers when a healthcare professional was consulted versus home treatment, and Table [6](#Tab6){ref-type="table"} presents location of treatment purchase in the case of home treatment.Table 5Pharmaceutical drugs used by caregivers to treat malaria in children under 12 in Cotonou, Benin, May 2016 (N = 256): home treatment versus healthcare professionalVariatesHealthcare professionalHome treatmentChi square testCategoriesSubcategoriesn = 71 (%)n = 185 (%)p-valueTherapeutic classesAnti-malarial63 (89)120 (65)*0.000*Antipyretic30 (42)125 (68)*0.000*Anthelmintic4 (6)11 (6)0.924Antibiotic18 (25)24 (13)*0.017*Supplements13 (18)26 (14)0.828Anti-malarialACT21 (30)55 (30)0.980SP2 (3)7 (4)0.707Quinine42 (59)45 (24)*0.000*Chloroquine0 (0)11 (6)*0.036*Other anti-malarial1 (1)4 (2)0.696Galenic formTablet/pill28 (39)167 (90)*0.000*Injection/infusion39 (55)1 (1)*0.000*Syrup25 (35)29 (16)0.019Other7 (10)7 (4)0.157Number of different therapeutic classes122 (31)84 (45)*0.036*225 (35)77 (42)0.348≥ 324 (34)24 (13)*0.000*Statistically significant p values are in italic*ACT* artemisinin-based combination therapy, *SP* sulfadoxine--pyrimethamine Table 6Purchase place of drugs used by caregivers who practised home treatment to treat malaria in children under 12 (N = 185)VariatesFormal MarketIMPDChi squareCategoriesSubcategoriesn = 118 (%)n = 67 (%)p-valueTherapeutic classesAnti-malarial81 (69)39 (58)0.153Antipyretic71 (60)54 (81)*0.004*Anthelmintic4 (3)7 (10)0.101Antibiotic13 (11)11 (16)0.293Supplements10 (8)16 (24)*0.004*Anti-malarialACT44 (37)11 (16)*0.003*SP6 (5)1 (1)0.425Quinine24 (20)21 (31)0.094Chloroquine3 (3)8 (12)*0.019*Other anti-malarial4 (3)0 (0)0.298Galenic formTablet/pill101 (76)66 (93)*0.003*Injection/infusion1 (1)0 (0)1Syrup25 (19)4 (6)*0.010*Other6 (5)1 (1)0.425Number of different therapeutic classes160 (51)24 (36)*0.048*246 (39)31 (46)0.334≥ 312 (10)12 (18)0.132Statistically significant p values are in italic*IMPD* Informal market of pharmaceutical drugs, *ACT* artemisinin-based combination therapy, *SP* sulfadoxine--pyrimethamine

Different therapeutic classes were cited. Seventy-one percent of caregivers cited anti-malarial drugs, 61% antipyretics (analgesics or anti-inflammatory drugs), 16% antibiotics, 13% supplements (vitamins or anti-anaemics), and 6% anthelmintic drugs. Other therapeutic classes, including decongestants, cough or cold drugs, antidiarrhoeal drugs and antihistamines were also mentioned, but rarely. A total of 92 different trade names of pharmaceutical drugs were cited. The most cited drugs (by at least 5% of caregivers) were Paracetamol (44%), Quinine (32%), Efferalgan^®^ 10%, Amoxicillin (9%) and Lufanter^®^ (6%), which is the most cited ACT. Coartem^®^ (4 home treatments and 2 prescriptions) and Lumartem (2 home treatments and 1 prescription) were rarely mentioned.

Home treatment *versus* prescription by a healthcare professional {#Sec15}
-----------------------------------------------------------------

Caregivers who brought their child to a healthcare professional more frequently reported the use of anti-malarial drugs (89%), compared to those who home treat children (65%) (p \< 0.001). According to the type of the anti-malarial drug used, ACT was used in the same proportion in the case of home treatment and prescription (30%), while quinine was more often prescribed (p \< 0.001) and chloroquine was more often used for home treatment (\< 0.001).

A higher percentage of caregivers who treated children at home gave antipyretics (68%) than those who brought their child to a healthcare professional (42%) (p \< 0.001). Antibiotics were more often cited when healthcare professionals were consulted (25%) than when home treatment was used (13%) (p \< 0.05).

The most frequently therapeutic class used was anti-malarials when a healthcare professional had been seen (p \< 0.001), and antipyretics in case of home treatment (p \< 0.001). Concerning therapeutic classes used together, the pair anti-malarials-antipyretics was the most frequently used in home treatment, whereas anti-malarials-antibiotics was the most frequently prescribed. Concerning the galenic form, parenteral administration (p \< 0.001) and syrup (p \< 0.05) were used more in prescriptions, and tablet (p \< 0.001) was preferred in the case home treatment.

IMPD versus formal market {#Sec16}
-------------------------

The places of purchase were recorded only in the case of home treatment, and not after consulting a healthcare professional. Table [5](#Tab5){ref-type="table"} presents data on locations provided by 185 caregivers who bought a pharmaceutical treatment. Various commercial drug names were cited, underlining the availability of a wide variety of pharmaceutical drugs available for purchase without prescription (see Additional file [2](#MOESM2){ref-type="media"} for the name of pharmaceutical drugs cited).

There was no difference in the use of anti-malarials in relation to the purchase place. However, ACT (p \< 0.05) was more often purchased in formal market, whereas chloroquine (p \< 0.02) was more often purchased in IMPD. When drugs were used alone, anti-malarials (p \< 0.001) was the most often purchased in the formal market. Caregivers who went to IMPD, were more likely to purchase more than two different therapeutic classes of drugs (p \< 0.01). Concerning the galenic form, tablets (p \< 0.01) were purchased more frequently in IMPD, and syrup (p \< 0.05) in the formal market.

Discussion {#Sec17}
==========

While home treatment is common it carries risks, whether individuals use medicines inappropriately, or whether its practice increases the delay in consulting a healthcare professional to receive appropriate care \[[@CR28], [@CR29]\]. Prompt diagnosis and treatment is the most effective means of preventing a mild case of malaria from developing into severe disease with increased risk of death \[[@CR30]\]. In sub-Saharan African countries, home treatment has been widely documented as a common practice to treat illnesses, including malaria \[[@CR13], [@CR16], [@CR31], [@CR32]\]. Aside from the delay and the inappropriate use of medicines, home treatment presents risk in environment in which people can purchase medicines that are not subject to any government control (such as in the IMPD). This study sought to characterize the practice of malaria home treatment in children under 12 years old, and the use of the IMPD among caregivers who home treat malaria.

Malaria home treatment {#Sec18}
----------------------

In this study, the prevalence of malaria home treatment (66%) is fairly close to the one previously reported (69.7%) by Agueh et al. \[[@CR31]\] who considered it across all ages in Comé, a semi-rural area, 80 km far from Cotonou. This similarity is surprising. It would have been expected that home treatment was less frequent when treating malaria in children, knowing that on the one hand malaria treatment is free of charge for children under the age of five, and on the other hand the living environment were different in the two areas in terms of the health-care structures availability. However, as malaria is endemic in Benin, the similar prevalence can result from the fact that symptoms associated with malaria are very common and that people believe to know how to treat them. Consequently home-treatment is first used before any other action, including consulting health-care professional \[[@CR33]\]. However, when considering the factors associated with malaria home treatment in this study (i.e. more than 8 members in the family, not having health insurance, belonging in the poorest quintile), the problem seems to rather be the lack of financial means prevailing in both rural and urban areas. Indeed, Agueh et al. also reported that the poorest quintile was associated with the highest home treatment rate. These results confirm those reported by several other studies showing that economic hardship was one of the main reasons cited by persons who home treated, both for malaria or other diseases \[[@CR20], [@CR34]\].

Following the Bamako Initiative, Benin, like other African countries, introduced out-of-pocket payments for health \[[@CR35]\]. Healthcare that was hitherto free, became payable by the population. In Benin, it has been reported that 75% to 80% of households directly pay medical fees, and 76% of health spending is spent on pharmaceuticals and other medical goods \[[@CR36]\]. This can cause households to incur catastrophic expenditures, which in turn can push them into poverty \[[@CR37]\]. As this study shows that only very few caregivers declared to possess health insurance, obviously the financial expenditures increase with the number of persons in a family without health insurance, and could explain why the size of the household is associated with the practice of home treatment.

The proportion of caregivers who declared to have health insurance was very low (9%), even though health insurances have been operating in Benin since the 1990s \[[@CR38]\], mainly for salaried employees, officials and army personnel, but not for informal workers. Unfortunately, health insurance's contribution in relieving the financial burden on households remains low \[[@CR38]\]. The majority covers only small risks (primary curative consultation, pre/post-natal consultation, normal childbirth, essential drugs) that are supported at the level of dispensaries, district health centres and communal health centres. In 2008, the health ministry launched the process of setting up a Universal Health Insurance Plan (Régime d'Assurance Maladie Universelle, RAMU), which would offer effective protection against the risk of illness to every Beninese whatever his social condition \[[@CR35]\]. However, this project did not succeed, and was replaced in 2016 by the Insurance for Strengthening Human Capital \[Assurance pour le Renforcement du Capital Humain (ARCH)\] which will have to identify the essential dimensions of the Universal Health Coverage recommended by the WHO \[[@CR36]\]. The fact that people who got health insurance practised less home treatment than those who got none, should encourage the government of Benin in the effective implementation of the ARCH.

Caregivers who declared that symptoms exhibited by the child were "vomiting, diarrhoea" practised home treatment less frequently. Diarrhoea was poorly known as a malaria symptom and was rarely mentioned in Tanzania \[[@CR39]\] and Nigeria \[[@CR40]\]. Furthermore, the proportions of respondents who perceived vomiting as a symptom of malaria varies across studies, from low (8.8%) in Lagos, Nigeria among pregnant women \[[@CR41]\], to varying from 17.6% to 32.4% in households in four selected districts of the Central African Republic \[[@CR42]\]. The fact that, caregivers who declared "vomiting, diarrhoea" practised home treatment less frequently might suggested that these symptoms were not always considered as symptoms malaria symptoms in also this study, thus necessitate referral to a health-care professional for a differential diagnosis.

Caregivers who home treat children more often remembered the name of medicines they used. This raises the question whether caregivers were being careful with prescriptions made by a healthcare professional. A study conducted on the Kenya coast reported that, among mothers who bring children to a healthcare professional, about 55% of them did not understand their prescription, yet none asked for clarification as they believed that health workers had no time for such explanations, and could become harsh when asked too many questions \[[@CR43]\].

Informal market of pharmaceutical drugs {#Sec19}
---------------------------------------

The prevalence of the use of IMPD when home treatment was practised (41%) is lower in this study than in the study of Come (83.7%). This can be explained by environmental and economic factors. Results show that economic factors are associated with IMPD use. People from rural areas are generally poorer than those from urban areas. In the department Mono, where Come is located, the indicator of human poverty is almost twice that of Cotonou \[[@CR21]\]. Additionally, the density of pharmacies is much higher in Cotonou (2017: 97 pharmacies over a surface of 79 km^2^) than in the Mono department (7 over a surface area of 1605 km^2^) \[[@CR21], [@CR22]\].

Without considering events that occurred after this study, the Ministry of Health of Benin conducted awareness campaigns in 2007 to curb IMPD in Benin, and since 2012, a strong appeal is made annually to inform populations about risks associated with consuming IMPD's drugs. Yet, after these measures, the prevalence of IMPD use still seems high. More than one in three caregivers buy drugs in IMPD for home treatment of children under twelve.

The poorest people were the most likely to purchase drugs in the IMPD, as reported in Nigeria \[[@CR44]\] and previously in Cotonou \[[@CR20]\]. People without a fixed monthly income more frequently bought drugs in the IMPD, while a lower proportion of people with a higher income (more than 100,000 FCFA) buy IMPD drugs. However, some caregivers of the richest quintile purchased drug in IMPD, underlining that it is not exclusively a financial problem. Furthermore, the lack of difference in IMPD usage by caregivers belonging to the middle quintile and the poorest quintile adds complexity. It should also be noted that informal vendors of pharmaceutical drugs are usually part of the neighbourhood. As shown by Baxerres \[[@CR16]\], each inhabitant of Cotonou potentially has an informal vendor of pharmaceutical drugs in his social or family circle (a friend of parents, a sister, a mother-in-law, a sister-in-law). The routine and trusting bonds which are being established between them could be the reason.

Pharmaceutical drugs used {#Sec20}
-------------------------

Various therapeutic classes of drugs were administered to children. Antipyretics were the most frequently used therapeutic class for home treatment in this study. This may not be surprising, considering that fever is the main symptom associated with malaria. However, fever can be also associated with virus infections that can be treated successfully with antipyretics. Therefore, some caregivers choose to use antipyretic drugs and not anti-malarial drugs to treat children. Fever can transiently decrease after treatment, but home treatment increases the delay of seeking appropriate health care, and may increase the risk of disease progression into severe malaria.

In this study, ACT was used in the same proportions both in the case of home treatment and by prescription. However, the first anti-malarial drug used for home treatment was a artemisinin-based combination, while quinine was the first prescribed drug. Parenteral administration was most frequently mentioned for prescriptions, supposing that the disease seemed severe and considering that caregivers who consulted a healthcare professional more often cited "vomiting, diarrhoea" as symptoms. The fact that health professionals prescribed antibiotics and anti-malarials together could highlight a lack of diagnosis (infection or malaria). Chloroquine was not prescribed, in compliance with recommendations, but continues to be used for home treatment in Cotonou. Use of chloroquine was also reported in Comé and other countries like Ghana or Nigeria \[[@CR13], [@CR45]\], where drug resistance has been confirmed, and where the use of ACT was implemented as a first-line drug to treat uncomplicated malaria.

Synthesis {#Sec21}
---------

Children home treatment is not country specific. One important motivation for home treatment is the need for quick relief. Moreover, home treatment is prevalent when the illness is deemed to not require medical consultation or when it is considered as a familiar problem for which the drug is already known \[[@CR6], [@CR28], [@CR46]\]. The same reasons prevail in low-income and high-income countries. But, as this study shows, the burden of economic constraints is more felt in low-income countries \[[@CR47]\] and limited accessibility to medical care \[[@CR13], [@CR17]\]. Limited financial means are also a reason to purchase pharmaceutical drugs in IMPDs \[[@CR14]\].

Affordability and the possibility to purchase quantities of drugs adapted to specific needs are additional reasons that may push people toward IMPDs \[[@CR14], [@CR48]\]. Besides affordability, people can be motivated by various factors, such as the availability of sellers irrespective of the time of the day, and the ability to purchase 'prescription-only drugs' without prescription \[[@CR14], [@CR49]\].

Another important point is that vendors often live in close proximity to the customers, sharing the same way of life \[[@CR16], [@CR49]\].

Based on Ministry of Health information, Benin has an average of 7.3 qualified health professionals (doctors, nurses and midwives) per 10,000 inhabitants. Cotonou is the city with the highest ratio, 29 qualified health professionals per 10,000 inhabitants \[[@CR22]\], when the WHO recommends 23 qualified health professionals per 10,000 inhabitants as needed to provide the most essential maternal and child care \[[@CR50]\]. Question about the lack of human resource does not arise in Cotonou. Factors identified in this study may differ from other city where there is a lack of health facilities. Several studies show that the distance to the health facility is a predictor of home treatment \[[@CR51], [@CR52]\], of access appropriate and effective health care \[[@CR53]\] and also of childhood mortality \[[@CR54]\]. It was found in this study that financial means was a factor associated with children home treatment. The financial means were also found in area where there is a lack of health facilities \[[@CR31]\]. The conclusion is that distance from facility is not the main reason of the practice of home treatment in region that faces the lack of health facilities. Indeed, persons who live far from health facility have to spend money on transportation in addition to hospital expenses.

Authors reported that the continued existence of self-medication and then home treatment is favoured by the IMPD \[[@CR11], [@CR14]\] as people have access to the same drugs than in formal market, but at cheaper prices. Caregivers who purchased drugs in IMPD purchased more medicines than those who went to formal markets.

Information about the place of purchase was not asked in the case of consultation with a healthcare professional. Indeed, it would be interesting to study whether, after prescription, people still go to purchase drugs in IMPDs, as it was previously observed in Cotonou in a qualitative survey conducted from informal pharmaceutical drugs vendors \[[@CR16]\].

Limitations {#Sec22}
-----------

Data were obtained from 340 children out of the 384 children expected. In this case, there is a loss of statistical power. Information collected was based on a past disease consequently the memory work was asked to the caregivers. Results must be considered while taking into account these elements. Nevertheless, sensitive analyses were done, and allowed to conclude there was no evidence for memory time-related bias.

Conclusion {#Sec23}
==========

This study shows that malaria home treatment and use of informal drug market are at the centre of the healthcare practice of people in Cotonou, Benin. As patients who consult health-care professional also purchase prescribed drug in the IMPD, theses two phenomena must be considered separately.

On IMPD, a part of the medicines originate from the formal pharmaceutical sector in Benin, but the majority are coming informally from Ghana and Nigeria where they are legally distributed. Due to different drug distribution policies between countries, they are considered as false medicine in Benin. On February 24, 2017 as part of the 9th edition of Operation "PANGEA IX coordinated by Interpol, in partnership with the World Customs Organization (WCO), in the main popular market of Cotonou, 80 tons of medicines were seized and 109 people arrested. It is obvious that this action largely slowed down the informal market but, at the same time, reduced the capacity of the population to purchase medicine at low price. New studies are needed to better understand how people presently acquire pharmaceutical drugs, mainly for self-medication or home treatment.
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**Additional file 1.** Sensitivity analysis based on chi-square test to highlight a possible memory bias related to time. **Additional file 2.** Trade names of pharmaceutical drugs used by caregivers to treat children under twelve in Cotonou, Benin, May 2016.
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